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The numerical tables presented here originated from a desire to "map", albeit approximately, the im- 
portant configurations of a s  many ions as  possible. They may, for example, be of aid in the investigation 
of possibilities for interactions between configurations, or they may indicate when auto-ionization can 
exist. Their accuracy at present, though not as high as desirable, may be adequate for many applications. 
We plan to improve the calculations further in the future, perhaps by using different screening values. 

The tables in this publication cover the range of electron number 3 N _< 20 and atomic number 2N5Z 
- < 2N + 20. The complete set of tables on microfilm may be obtained from the Technical Information Divi- 
sion, Code 250, Goddard Space Flight Center, Greenbelt, Maryland 20771, a s  Item SP-3056-A; they cover 
the range 3 5 N 5 46, 2N 5 2 5 92. By far the vast majority of the ions and configurations listed,especially 
for higher 2, have not been observed and therefore must be said to be of only academic interest at present. In 
the meantime, it is hoped that individual parts of the tables wi l l  be useful to spectroscopists who study 
highly ionized atoms in plasmas, to astrophysicists who study solar and stellar coronas (our original moti- 
vation), and to others. 
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Knowledge of the electronic configurations of highly ionized atoms is of increasing importance in fields 
such a s  astrophysics and plasma physics a s  modern developments make the radiations and interactions of 
these atoms accessible. For example, the investigation of far ultraviolet spectra arising from certain doubly 
excited configurations (auto-ionizing) is currently of interest.’ Observational information is mainly con- 
tained in the compilation of Moore-Sitterly’ and in the subsequent literature. From this work, i t  is seen that 
at the present time the ions of atoms with atomic numbers 2 up to about 30 (Fe or Cu) have been fairly sys- 
tematically explored, while information for ions of higher 2 is much scarcer. On the theoretical side, rela- 
tively few calculations exist for configurations of the higher ionization stages of most atoms. Also, such 
calculations are difficult to carry out for the variety of configurations encountered in a given isoelectronic 
sequence, for example. 

In this work, we have carried out a calculation of the average energies of very many configurations of 
spectroscopic interest, using a basis of orthogonalized screened hydrogenic radial functions. The energy of 
a “core” is calculated in a zeroth-order approximation (electronic interactions included implicitly through 
the screening parameters) and the energy of all other electrons is calculated in a first-order approximation 
(electronic interactions included explicitly as a perturbation). Configuration interactions and correlation 
energy contributions, as well as relativistic contributions, are not included, however. Results are presented 
for the ground configurations and for many singly and doubly excited configurations. Their accuracy is dis- 
cussed in the last section. 

The hydrogenic radial function for a given nuclear charge 2 is given by 
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where p = 2Zr/n and LE$’(p) is the associated Laguerre polynomial. Screened hydrogenic functions are ob- 
tained when Z is replaced by an effective nuclear charge Z,, = Z - on,, where on, is the total screening (to 
be defined below) experienced by an electron in the (nl) subshell. Such functions have been used by several 
authors in calculations of energy or transition integrals, e.g., N a q ~ i , ~  who makes use of screening param- 
eters defined by L a y ~ e r . ~  Here we use screening parameters derived numerically by Froese5 from Hartree- 
Fock calculations. These screening numbers onl are defined by Z - a,, = iH/Fnl, where in, is the mean 
radius obtained with the Hartree-Fock wave function and iH is the mean radius of the corresponding hydro- 
gen wave function. A s  2 -, co, i + 0, and the actual wave function u(n, I ,  2) becomes well approximated by 
uH (n, 1,Z - o:,), where o:, is the limiting value of on,. Froese gives values of ut, and of the limiting 
slope u:, = d o / d r l f X 0  for essentially all configurations including electrons up to 7s. In her tables the rows 
refer to the screening subshells and the columns refer to the subshells experiencing the screening. An ac- 
tual value in a given row is the sum of the screening by the corresponding subshell and the accumulated 
screening by all inner subshells. The table entries thus result from a definite choice of the filling-up order 
of the various subshells and also from the assumption that all inner subshells are completely filled. For the 
purpose of the present work, however, the tables were recalculated so that individual entries gave the 
screening due to separate electrons. a:, and o,, are obtained from these rearranged tables for all the sub- 
shells of a given configuration. Screening values for a finite Z were then computed by the linear formula 

in which fH(Z - o:,) is the mean radius of the screened hydrogenic function of the nuclear charge Z - o:,: 

That is, the zeroth-order oo is used to provide a first-order correction to itself. This gives a consistent 
approximation for the mean radius of the actual function: for small Z the mean radius is greater than the 
hydrogenic value, while for large Z it approaches the hydrogenic value, a s  it should. 

The screened hydrogenic functions uH@, I, Z - o:,) form a basis that can be an excellent starting point 
for perturbation calculations for highly ionized atoms. Integrals involving these functions can be conven- 
iently computed analytically. However, two such functions with the same 1 and different n’s are not orthog- 
onal to each other because their effective charges Z,, are different. The procedure adopted here was to 
orthogonalize such functions in pairs; this procedure and i t s  calculational consequences are described be- 
low. (A general procedure for the use of a nonorthogonal basis is discussed by S1ater,6 but it is more in- 
volved in application.) The approximate many-electron functions essentially used here are Slater determi- 
nants of these “orthogonalized screened hydrogenic” one-electron functions. 

Throughout, “ subshell” and “radial function” wil l  be considered synonymous. 

(A) Core Subshells: All subshells that are filled and have n’s  different from the n’s of all unfilled 
subshells are taken to constitute a core. (An electron in such a subshell will be referred to as a “core 
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electron.”) Such subshells will be denoted by u i l .  The energy of the core is assumed to be given by the 
simple expression 

nl 

Here, q,, is the occupation number of subshell u;,, Z,, 3 Z - ugl is the effective charge for the subshell, 
and the summation is over all  core subshells. 

(B) Explicitly Treated Subshells: These include all subshells u,, other than the core subshells de- 
fined above. (An electron belonging to such a subshell will be referred to a s  an “explicitly treated elec- 
tron.”) To calculate the contribution of these subshells we use the following model: The explicitly treated 
electrons move in an approximate Coulomb field created by the effective charge Ze = Z - 5, where 5 is the 
average screening due to the core electrons. Thus, the Hamiltonian for such electrons wil l  include their 
interaction with this Coulomb field and their mutual electrostatic interactions a s  well. It wil l  have the form 

1 
r..’ 
- ‘ e  --gz 1 -- t 

‘i i<j 11 
2 1  H =  

i 

where the indices i and j run over all the explicitly treated electrons. The expectation values of the first 
and second terms are the one-electron and the two-electron energies, respectively. First we give energy 
expressions for the case in which all the screened hydrogenic functions are orthogonal. 

(1) One-electron energy: A straightforward calculation gives 
the nI subshell: 

the energy contributed by an electron in 

(4b) 

in which S,, is defined as S,, I 2, - Z,, . 

(2) Electron-pair interaction energies: Expressions for the average energy of interaction between 
electrons in two subshells ( I ,  1’) are given by Slater.7 For equivalent subshells (I, I) the integrals Fk(l ,  I), 
in which the common screening parameter is an independent scale factor, are readily computed, and Slater’s 
formulas (14-23) can be reduced to a common list of available values. For nonequivalent subshells (I, I‘), 
the integrals Fk(I ,  1‘) and Gk(I, 1’) needed in Slater’s formulas (14-25) are supplied by the computer program 
when required. 

(C) Nonorthogonal Subshells: If two radial functions u 1  =_ unll and u2 I u,,, are nonorthogonal, the 
Schmidt orthogonalization process is used to form a new function u;: 

u ;=  C1UZ t c2u2 ,  (5) 

in which c1 = (1 - d2))-’/”, c2 = -d(l - d2)-’I2, and d is the overlap integral Julu2dr. This has two effects 
in the calculation of the energy of a configuration: It introduces cross-terms in the one-electron energy 
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expression (4b), and i t  modifies the radial integrals F k  and G k  required in the electron-pair interaction 
energies. The required changes are a s  follows: 

(1) One-electron energy: With the insertion of (5), the matrix element of the potential energy of the 
electron occupying the subshell u' becomes 

Similarly, the matrix element of kinetic energy becomes 

The sum of these may be written a s  

The matrix elements of the operator l/r and the overlap integral d are directly evaluated by the computer 
program; the matrix elements of V 2  are also evaluated by means of a relation due to Freeman and Lowdin, 
which is quoted by Slater:' 

a3 m (5) ( 3 ) d r .  

dr dr u;(v2)u2dr = - (9) 

It may be checked that the sum of the one-electron energies of a pair of originally nonorthogonal functions 
remains unchanged if  the roles of the mutually orthogonalized functions are interchanged. 

(2)  Electron-pair interaction energy: The general radial integrals formed from the screened hydrogenic 
functions may be written a s  Rk(n,l,; n212; n3I3; n414). The computer program calculates these directly. If, 
however, any of the functions (nl)  is paired with another to produce orthogonality, the integral must be modi- 
fied to include the partner(s); it becomes a linear combination of up to 16 individual integrals, a s  follows 
(denoted by RMk): 

2 2 2 2  

p=l q = 1  r = l  s=l 

in which the coefficients are defined a s  in equation (5). The computer program automatically computes the 
Rk's  required in formula (10). It may be noted that in equation (5) one has a choice of which member of a 
pair to modify while leaving the other unchanged. In practice, a negligible difference was found in the final 
result (typically 0.01% or less); the function of larger n was modified throughout the present work. 

' 
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For a given electron number N ,  a list of low-lying configurations was produced by the formation of the 
ground configuration first and then of successive configurations that differed from the ground configuration 
in one electron and in two electrons. The configuration l ist  is numbered; parity is also indicated in the 
table. The singly excited configurations include all those in which electrons are excited up to subshells as 
high a s  7s, with the exception of subshells 5g, 6f, 6g, and 6h, which were not included in the Froese screen- 
ing tables. For the purpose of limiting the total number of configurations for a given N to the order of 100, 
the doubly excited configurations were limited to those in which one electron is excited up to the maximum 
of 7s and the other is excited to the lowest unoccupied subshell; one of the electrons can "jump" only from 
a subshell with the same R as that of the outer subshell. The energies of these configurations, listed by 
number, were then successively calculated for given 2 values; the range of 2 was chosen to include values 
from 2N to 92, so that all ions more than half ionized would be included. In this publication we give the 
energy values calculated for values of 2 from 2N to 2N t 20. 

A s  an example, if we wish to look up the average energy of the doubly excited configuration ls22p23s2 
in the ion Znte4-i.e., 2 = 30, N = 6-we find that this configuration is numbered 51 in the list of Table 5(a); 
then in Table 5 (b), the average energy is found to be (-) 1148.2 atomic units. 

z = 18 

An asterisk after a configuration number indicates that orthogonalization was not carried out because 
three or more "explicitly treated subshells" were not orthogonal to each other. In such a case,  the non- 
orthogonal basis was used directly for the energy calculation. Fortuitously, the accuracy of such energy 
values has turned out to be slightly better in practice than for those obtained by the more rigorous method. 

z = 19 z = 20 

The calculation does not include configuration interaction and relativistic and correlation contributions 
to the energy of a configuration. These latter contributions, discussed for example by Fromang and 
Clementi," are in general both negative and thus will increase the absolute magnitude of the calculated 
energies. 

2 = 16 

SH CO OB 

363.6 365.1 368.1 
356.0 356.8 359.6 
354.6 356.3 
353.8 355.7 358.4 

A comparison of the tabulated values may be made with observed values and with values calculated by 
by others, in a few cases. For example, Condon and Odabasi'l have obtained energies of low-lying configu- 
rations in some ions of the sequences N = 4, 5, 6 ,  7, and 8; these authors made use of the Hartree-Fock- 
Slater self-consistent field method. Table 1 compares our values with theirs for some 8-electron ions more 
than half-ionized. Actual ground configuration energies, with ionization potentials deduced by Lotz12 from 
observed data, are included in the table as are some approximate energies of excited configurations obtained 
from AEL.2 Our values differ from the observed values by about 1.3% at 2 = 16 and by 1.0% at 2 = 20. The 

Z = 17 

SH CO 

415.4 417.2 
406.4 407.3 
404.8 406.7 
403.9 406.0 

Table 1-Comparison of Present Screened Hydrogenic Values (SH) for N = 8, 
with Values Calculated by Condon and Odabasi (CO) and with Observed Values (OB) 

CO OB 

472.7 475.1 
461.1 
460.5 
459.7 

Configuration 

1s22s22p4 
ls22s22p33s 
ls22s22p33p 
ls22s22p33d 

SH CO OB SH CO OB 

529.7 531.8 534.7 592.1 594.4 597.9 
517.2 518.3 577.6 578.8 
515.3 517.6 575.6 578.1 
514.3 516.7 574.5 577.2 

- 
OB 

419.1 
409.1 

407.7 

- 
SH 

470.8 
460.1 
458.4 
457.4 
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relative errors in the differences between the energy values, which are the observed quantities, will be much 
greater, of course. The maximum discrepancies occur for energy differences between closed shell configura- 
tions and configurations with several explicitly treated electrons; these two extremes are treated in substan- 
tially different ways, a s  noted above. The screened hydrogenic approximation will improve still further, how- 
ever, for higher Z’s, and the energy differences should become more reasonable. 

We want to acknowledge the patient assistance of Mrs. Susan C. Cohen, who programmed the bulk of the 
calculation, and the aid of Robert L. Tennant, who helped us complete it. 

REFERENCES 

1. W. R. S. Garton, Advances in Atomic and Molecular Physics (Academic Press, N.Y., 1966) Vol. 11, pp. 

2. C. E. Moore, “Atomic Energy Levels” (National Bureau of Standards Circular 467, National Bureau of 
Standards, Washington, D.C., 1949, 1952). 

3. A. M. Naqvi, “Calculations and Applications of Screened Hydrogenic Wave Functions,” J. Quant. 
Spectrosc. Radiat. Transfer, 4, 597 (1964). 

4. D. Layzer, “On a Screening Theory of Atomic Spectra,” Ann. Phys., 8, 271 (1959). 
5. C. Froese, “Limiting Screening Numbers and Energy Parameters,” Can. J. Phys., 41, 50, (1963). 
6. J. C.  Slater, Quantum Theory of Molecules and Solids (McGraw-Hill, N.Y., 1960) Vol. I, Appendix 9. 
7 .  J. C. Slater, Quantum Theory of Atomic Structure (McGraw-Hill, N.Y., 1960) Vol. 11, Appendix 21. 
8. J. C. Slater, Quantum Theory of Atomic Structure (McGraw-Hill, N.Y., 1960) Vol. I, p. 307. 
9. A. Froman, “Correlation Energies of Some He- and Ne-Like Systems,” Phys. Rev., 112, 870 (1958). 

10. E. Clementi, “Correlation Energy for Atomic Systems,” J. Chem. Phys., 38, 2248 (1963). 
11. E.  U. Condon and H. Odabasi, “Self-Consistent-Field Calculations for Energy Levels of 4, 5,  6 ,  7 ,  8, 

14, 15, and 16 Electron Isoelectronic Sequences,” J. Opt. Scc. Amer., 59, 659 (1969). 
12. W .  Lotz, “Ionization Potentials of Atoms and Ions from Hydrogen to Zinc,” J. Opt. SOC. Amer., 5‘7, 873 

(1967). 

122-141. 

6 
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TABLE 2(b)-3 ELECTRONS 

CONF I G 

1 

2 

3 

4 

5 

6 

7 

e 

9 

10 

I I  

12 

13 

14 

15 

16 

117 

18 

19 

20 * 
21 

22 

23+ 

24 

25 

z= c: 

34. 3 

3398 

32c7 

32 85 

3205 

329 2 

32% 1 

3 2 e  1 

32, i 

3 2 e Q  

3 1 - 9  

3109 

3309 

31 e 9  

3i0a 

3 x r a  

3108 

24e 3 

2308 

22s 5 

228 3 

220 3 

2200 

2189 

2109 

E= 7 

47 e 8  

4 7 0 2  

45.5 

4593 

4502 

4408 

44 47 

44ed 

44 e 6  

4404 

44 a4 

44 e 4  

4404 

4492 

44.2 

44 0 2  

44,P 

3396 

3209 

30e9 

30.8 

3007 

30e2 

3 0 s  1 

3 n e  1. 

Z= 8 

630 6 

62.9 

60.94 

604 2 

601 1 

59e4 

5993 

59r 2 

59.9 2 

see 9 

580 8 

5e.9 8 

589 8 

5807 

5886 

5 4 e  6 

589 5 

440 3 

430 6 

400 9 

490 6 

40e5 

39e9 

3% 6 

3906 

z= 9 

e l e 6  

8 0 a  7 

?7s 5 

770 2 

??e 1 

76c 0 

7 5 s  9 

750 9 

750 9 

75.9 4 

7 5 0  4 

7 5 0  3 

75r 3 

950 1 

758 1 

75.0 

740 9 

50s 6 

550 8 

51e 9 

51c8 

51109 

5 0 a  6 

5095 

501 4 

z=10 

101 e9 

1100.8 

96% 6 

969 3 

96.2 

940 8 

9407 

9 4 r 6  

9406 

9400 

939 9 

930 9 

93.99 

930 6 

934 5 

9305 

93* 3 

70. 4 

6904 

648 5 

640 3 

648 2 

6 2 e  7 

620 6 

62e6 

z=11 

1.2485 

1123e2 

117.99 

11705 

11784 

111506 

P15e4 

11594 

11504 

114.96 

11405 

11405 

1 1 4 a S  

11480 

13400 

184sr) 

1 1 3 e 7  

ase 7 

84r 6 

?e. 4 

780 2 

?ap 1 

7 6 a  2 

76r 1 

7 6 c  1. 

L=l2 

14902 

147e8 

141 m2 

14008 

149~7 

13805 

13893 

1 3 8 e 2  

1138.2 

113702 

1 3 7 a  11 

139011 

13791 

13606 

1360 5 

1368 5 

P 3 6 c 2  

10205 

10103 

9387 

9 3 e 5  

9303 

91 00 

90 e 9  

90 08 



CONF K C z= 6 

26 2109 

27 2P a? 

28 21 ID7 

29 21 r 7  

30 2 1  e 7  

3% * 2 %  e 6  

32 21 e 6  

33 21 s 6  

34* 21 06 

35 23e 5 

36 22.2 

37 220 1 

38 228 2 

39 21e7 

40 21 e? 

41 2 %  e 7  

42 21 % ?  

43 21 e 5  

44 

45 2 %  e 5  

46 21%5 

47 2104 

48 21e4 

49 22e4 

50 2 f e 6  

z= 7 

m e  2 

29r8  

2 9 e 8  

29a8 

298 8 

2 9 e 7  

2967 

29ee 

2985 

32 s t j  

30 sb 

39 05 

m e 5  

29e9 

2 9 e 9  

2989 

2989 

2996 

2906 

29r6 

29 e 6  

2944 

2904 

29 e 4  

29e5 

TABLE 2(b) (CONTINUED) 

p= 0 f= 9 

3 F e  6 5 0 s  4 

39.3 2 49e 9 

390 2 498 9 

3 9 e  2 490 9 

3942 49e 9 

3S.e 2 90 Q 

39r d 490 6 

39c 0 499 6 

3 8 s  8 490 9 

43e2 554 3 

40e 4 5106 

400 3 5105 

408 3 

39.4 500 2 

390 4 500 2 

3 9 e  4 500 2 

39.33 500 

3 8 e  9 49e 6 

396 0 490 t5 

3ee 9 490 6 

3 8 e  9 4% 6 

3807 49e 3 

3 R e  7 49e 3 

3807 49e 3 

3 0 c  8 49c 5 

6206 

b l e 9  

6109 

6149 

6188 

6 1 e 4  

6105 

6 f e 5  

60s 6 

68,9 

6*% 1 

6400 

63e9 

620 4 

628 3 

62s 3 

6 2 e  2 

6105 

6186 

61r5  

6 1 e 5  

610% 

61 4 

6009 

z=1 1 

7 6 e O  

756 f 

7 5 e 2  

750 % 

7 5 e  P 

7457 

7406 

14e6 

940 3 

84rB 

7 8 , O  

??e 8 

7703 

7 5 e  8 

758 7 

75.4 

7 5 e 7  

7 4 0 a  

4498 

74e8 

7 4 e  3 

746 3 

74r 3 

9 4 e 0  

P=12 

900a 

8993 

89e7 

89 e? 

8907 

89e 1 

89.9 1 

898 P 

€3994 

%00d6 

9382 

930c 

92 e 9  

90 e 5  

9055 

9q54 

9006 

8903 

8 9 e 3  

89e3 

89 -9  

€3887 

8 8 e 7  

88237 , 

88e2 

1 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

6 

7 

18 

19 

20 * 
21 

22 

23* 

24 

25 

z=13 

1768 3 

1?4e7 

1 6 6 ~ 9  

16603 

1560 1 

I630 4 

163e 2 

163s 1 

1 6 3 ~ 1  

161 e 9  

161 08 

16108 

f 6 1 e 8  

161 e X 

161 01 

161 e o  

l 6 O e  6 

12099 

1 1 9 e 5  

11083 

1 1 O e l  

OQPPC) 

% O ? e  X 

f 6 7 S O  

6689 

205e6 

263 o 8 

8 4 e 3  

193 e8 

19306 

19004 

19Q02 

190s 1 

1900 1 

18886 

188r5 

188e5 

18805 

187.7 

18706 

18796 

8701 

140.5 

1390 

2883 

128,P 

27 s 9  

124~5 

82404 

124~3 

TABLE 2(b) (CONTINUED) 

Z=16 

23 7s 270e 9 

235e P 2680 I 

2550 8 

2230 5 2559 2 

223.3 255e 0 

21994 2500 6 

21 9e2 2500 3 

21 Q e  1 2530 2 

21 9 e  1 2500 2 

21984 24a0 2 

2 &?e3 248.1 

23 7 e  2 24806 

214s2 

2166 3 2460 9 

21602 2460 9 

21602 2@6e 8 

21586 2460 2 

161s 8 P 8 4 e  6 

1660 3 83s 0 

147e 7 1 6 8 e  4 

14784 1680 1 

1449 2 P 6 7 e  9 

14392 lb3c 3 

1 4 3 e  1 363s f 

1630 Q 

z=1 7 

3 0 6 e  9 

304.96 

28993’ 

2 8 9 e  1 

288e 9 

2839 7 

2830 5 

283e4 

283 s 4 

281rB 

2800 9 

29049 

280e 9 

279.6 

2790 5 

279e S 

2788 7 

208~8 

2078 I 

9 0 e 5  

190~2 

18909 

18406 

1 8 4 e 5  

884e4 

L=XB 

342e 7 

32587 

325s 1 

3 1 8 e 7  

3 f8e6  

31806 

31 5.9 

31508 

31 507 

31587 

3140 3 

31402 

31402 

23485 

232e 8 

283e9 

21303 

20703 

209 0 

209tPo 

3 8 5  a 

383 c) 

3 6 3 e 9  

36392 

36209 

35603 

356eO 

35599 

355e9 

35208 

3 5 2 s ” P  

35206 

352 e 6 

351 e 0  

350e9 

350 e9 

349 e 9  

261 s 9  

260 e 0  

23887 

238~4 

2380 

231s3 

231 0 f 

231 +B 

B 



TABLE 2(b) (CONTINUED) 

CONF f G 

26 

27 

28 

29, 

30 

31 * 
32 

33 

34* 

3 5  

36 

37 

38 

39 

40 

4 1  

42  

43 

44 

45 

46 

49 

48 

49 

50 

z=13 

10699 

¶ O l e 5  

6586 

1QS;eS 

10505 

10408 

10498 

1040 8 

10309 

1 1 8 ~ 7  

10906 

10906 

109e5 

10606 

10605 

I O b s  5 

10604 

1 0 5 e P  

P 0 5 e  1 

0 5 s  1 

1050 1 

1 0 4 e  4 

104 04 

104 s4 

fn4e0 

L=14 

12493 

122r4 

122.7 

122e7 

122 e 7  

1 2 1 e 8  

1 2 1 e 9  

¶ 2 1 0 8  

121.1 

138,s 

1*27s7 

12706 

127*4 

124 eQ 

123e9 

123.9 

12308 

12202 

12202 

12202 

1 2 2 e 2  

121 e 4 

121 a 3 

321 e 3  

% 2 c ) s ?  

z=15 

143~0 

1410 

141e 1 

141. 

140e2 

146. I 

1400 1 

1 3 9 e 6  

1590 4 

% 470 1 

1460 9 

1460 7 

a420 7 

142.6 

142.3 5 

1429 5 

1 4 0 0 6  

14Qs6 

1409 6 

14096 

1 3 9 e  6 

P 3 9 r  6 

1390 E 

13980 

E=% 6 

1 6 3 a 0  

1 d o e  8 

f 6 0 c  9 

160e 8 

3 699 8 

1 5 9 s  7 

15906 

159.4 

157a 8 

11~32~ 1 

167.8 

¶ 6 7 s  5 

16704 

162. 7 

1E2S6 

1 6 2 s  5 

1 6 2 ~ 5  

1 O B e  3 

1 6 0 e  3 

1680 3 

X 6 0 s  3 

b. 590 

1 5 9 e  a 

159sX 

1158. 1 

209eO 

2Q 4 s  

26402 

204e 

2640 1 

202.36 

202.6 

20295 

200 e 3 

23108 

21302 

212.9 

21208 

206r6 

2 0 6 0 5  

20604 

20604 

2 6 3 ~ 5  

20386 

203aS 

2 0 3 ~ 5  

202*9 

202e0 

201 e 9  

200 s a  

E = % 9  

230 e 9 

2 2 7 * 7  

22708 

22707 

22907 

22600 

22509 

225e9 

22502 

25809 

2 3 8 ~ 0  

237e 7 

2370 5 

2300 4 

230 e4 

230 B 4 

230 03 

227, ¶ 

2298 

2270 

22708 

2250 3 

22503 

225.33 

225aO 

3 



TABLE 2(b) (CONTINUED) 

CONF Z G 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

a 1  

12 

1 3  

14  

15 

16 

1 7  

18 

19 

20 * 
29 

22 

23* 

24 

25 

z= 20 

4 2 8 e  5 

425a7 

4 0 4 s  1 

41)e4 

4433 9 

39597 

39Ee4 

395% 2 

3950 2 

391e8 

3 9 1 9 6  

391a6 

39186 

3899 9 

38907 

3890 6 

3 0 8 e 5  

29087 

2 8 A 9  6 

264e9 

264 e 5 

2640 2 

2560 5 

2560 4 

256e 3 

P = 2 1  

473  e6 

470 a 5 

446,s 

4 4 S O 7  

445 e 4  

4 3 7 e 1  

4 3 6 e e  

436 e7 

43696 

43208 

432r6 

a32eij 

432ch 

43085 

430e4 

4313 04 

429e% 

3 2 0 ~ 9  

292 e 4  

292 00 

291 a 7  

28301 

2 0 3 ~ 0  

2 8 2 9 9  

z=22 

5 2 8 ~ 9  

51 ?e 6 

49ee 9 

4980 P 

489e 9 

40096 

4 8 0 e  3 

480% 1 

4800 1 

475e 8 

47se7 

4 7 5 ~ 6  

4 7 5 ~ 6  

413.33 

47302 

433% 2 

471e8 

3520 9 

350* 5 

3 2 1 e 3  

320e 9 

320s 6 

31009 

31r9s8 

2=23 

57oc 4 

5670 0 

5 3 7 e  5 

5360 6 

53 694 

5260 1 

525s 8 

5250 7 

52506 

5 2 Q e  9 

5208 7 

520s 7 

520 e 7 

5 1 0 s  P 

51 0 a  0 

51 80 0 

5 %  6 e  5 

3860 0 

3838 b 

351 0 6 

3511 s 1 

350- 8 

3400 3 

3 4 0 e  P 

3 4 0 e  0 

P=24 

622e 2 

6 1 8 e 6  

586s 2 

585% 3 

505e (4 

57307 

573-4 

5 7 3 e 2  

573 a 2 

56800  

56789 

5670 B 

5670 0 

565s  0 

5640 9 

564c 8 

5630 P 

4208 8 

419e3 

383e 2 

38ze 9 

38204 

3783 0 

3709 6 

3308 5 

E=25 

5 7 6 a  2 

6 9 2 ~ 5  

63780 

63600 

635e 8 

623e4 

62 3)s 

6 2 2 e  9 

622e 9 

61 70 2 

6 1 7 e Q  

6 1 6 ~ 9  

61609 

61 309 

61305 

61 307 

6 1  1 0 9  

4 5 7 a 0  

454* 5 

4960 1 

411504 

4 1 5 e 3  

4 0 2 0 7  

4Q2rS 

4n2r 3 

P=26 

732e 5 

72888 

6 8 9 s  9 

68809 

6 8 0 ~ 6  

675 o 2 

69498 

674eB 

674 e 6  

66a84 

6 6 8 r  2 

6680 

6689 1 

6640 8 

6640 7 

6649 6 

66288 

494*a 

492 e 2 

850 0 5 

45068 

4 9 e 6  

435e8 

43506 

43Se 5 

14 



TABLE 2(b) (CONCLUDED) 

CONF I6 

26 

27 

28 

20 

30 

31 8: 

32 

33 

344r 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

aa 

49 

50 

z= 20 

2568 2 

25206 

25294 

252e 6 

252e6 

25Qe8 

259 e 6 

25006 

249 e 0  

219~~5 

2640 1 

2639 €! 

243e.6 

255 o 8 

2550 ? 

25596 

255a 5 

25109 

252 *a 

251 s9 

256 9 0 

25000 

24909 

248r 3 

P=2 1 

28288 

27368 

27808 

278e8 

27807 

275e6 

27606 

276 05 

27406 

317s4 

291 e 6  

291 03 

29101 

28204 

28202 

282 e 2 

2820 1 

27890 

2780 I 

278 e0 

2 f B s B  

27680 

275 B 8 

275 e 8  

244 e 3  

f=22 

39 oe 7 

306s 2 

3oec 3 

306e 2 

306s2 

30308 

3 0 3 e 7  

303e B 

30208 

344s 2 

320 e 4 

3200 

31 90 9 

3 1 9 e 2  

3100 1. 

310eo  

309e9 

3Q5e5 

305% 5 

3050 5 

3e5e 4 

303e.6 

3 0 3 a  0 

30389 

301e8 

f=23 

339s 9 

335s 0 

335e 0 

3356 0 

334, g 

332s 4 

3328 2 

332e 2 

3 3 6 e  5 

3 8 2 a  3 

3 5 Q e  6 

35083 

350s P 

339e4 

3 3 9 e  3 

339r2 

3 3 9 e  J. 

3340 2 

3340 2 

33 

33% e 5 

331 e 5 

331 B 5 

329s 8 

Z=24 

370 e 4 

36500 

3658 

365c 4 

3658 0 

36202 

362sO 

3620 0 

36Qe 3 

49609 

3a20 2 

38108 

3 f 3 1 e 5  

36989 

369e 8 

36% 7 

3 6 9 e  6 

3640 2 

3649 2 

364s 2 

3640 1 

3 6 1 e 3  

361e2 

35102 

36682 

2=25 

4020 2 

39683 

396e4 

396m3 

39603 

39303 

3930 f 

393r1 

396 e 2 

45360 

4 1 5 e  f 

41497 

44rbe5 

4 0 % e ?  

40106 

40Ps5 

4e 104 

395e.5 

39585 

39505 

39504 

39203 

392~3 

39202 

39007 

z-2 6 

435e4 

42899 

429,Q 

4 2 8 e 9  

4219 a9 

425s 5 

4250 5 

42 5 e  

4 2 2 e  2 

490 e 6 

449~4 

4 4 9 ~ ~  

448e 8 

34 %9 

434 e 7  

434 e 6 

434e 5 

4289 1 

4280 P 

428s 1 

428 e 0 

424 e 5  

4248 5 

424 e 5 

22e5 

5 



TA8LE 3(a)-COMFIGURATlON LIST FOR 4 ELECTRONS 



TABLE 3(a) (CONCLUDED) 



TABLE 3(b)-4 ELECTRO - 

CONFIG 

26 

27 

29 

29 

3c 

3 1  

33 

3 3  

34  

35 

36 

3% 

33 

39 

4c 

4 1  

42 

4 34: 

4a 

45  

46  

47 

48 

49 

5r 

z= e 

3905  

3 e e 4  

3 7 8 3  

3 7 , l  

38.2 

3706  

340 3 

37 .3  

56 .5  

47a4 

540 8 

4504 

h4e4 

45.2 

6482 

450‘) 

6 3 8  9 

4 4 c 6  

53a6 

44 .5  

6 3 0  5 

41r4  

63.5 

44,* 

6 3 a 5  

7 =  9 

5 i s 5  

5.). 3 

49. c 

4 R e  7 

53.- 

4cls 3 

49 ,3  

449 6 

85.9 

6 1 s 3  

8 3 e  3 

530 3 

8 2 e 9  

5 8 e  -3 

82- 7 

578 e 

328 1 

570 1 

5 7 c  G 

8 1  c 7  

550  9 

9197 

56s 3 

8 i e  E; 

629 9 7 7 s  6 93 .9  

1 r ?e h 1 3 1 e 9  15887 

76- 8 94- 0 11309 __ _^____I 

117403 127.  5 15302  

7 2 s  7 A a s  8 1 0 6 0 5  

i(13f3-2----- -3726v 9- - 4 x E&-- 

72e 5 889 5 126 02 

3030 5 12697 152m2 

1 1  107 13100 

18800 21905 

133.8 1 5 E a  3 
- - __ 

191e2 21 1.95 

125.8 106a7 

- W w § i -  - - -  24808- 

12504 1460 3 

180.1 21Go4 

f25*2 - - -  i4=6&- 

178a2 2cee.3 

122e9 1 4 3 5  3 

71 a 1 a 10400 122a8 14301 

2C7e3 

7 1 0 ”  8 h o  7 13399 122e6 14349 

1 7 7 ~ 6  t i 2 s 2  1 2 5 s C  ISCcl 
-------_I--- ---__ 

1:202 125.9: 15: c 1 177-5 207a3 

8 



TABLE 3(b) (CONTINUED) 

?ONFIG 

51 

52 

5 3  

5 4  

55 

56 

57 

58 

5 9* 

6C 

61 

6 2  

A 3  

64 

6 54 

z= e 

44e 1 

630 3 

4 4 . 2  

67.2 

*4r l  

6 P a  1 

44.1  

l33* 3 

4 4 r :  

6 3 0 2  

44.c 

630 1 

449 3 

6 3 .  1 

4482 

z =  Q 

55.9 5 

81 * 3 

560 5 

81e 1 

560 4 

5 6 c  3 

8 1 4 1  

56s 1 

Z 3 1 C -  z = l l  z=12 z=13 z= a 4 

7c.0 4 85% 9 1 3 2 8 9  €2105 14106 

I C l a  6 1 2 4 r 3  14.302 176e4 2c 5 s 9  

9 



TABLE 3(b) (CONTINUED) 

C O N F  IC E =  15 

1 266 0 3 

2 256. 4 

3 24589 

4 24503 

5 244r 5 

6 241 e 5 

7 

8 

9 

IC 

11 

12 

13 

14 

2 4 1 ~ 0  

24007 

200 e 6 

239.5 

2390 1 

23309 

23809 

233eS 

15 23802 

16 2386 5 

1'9 2350.3 

18 18102 

19 1640 1 

2c 16109 

21 15907 

22 157.7 

2 3  15603 

24 154ei  

25 15204 

2728 1 3F--7&--------347*-5 - - 38609 -- - 430-04- 4 7 7 e 6  - 

2C7O 3 -2350 1 2 6 4 s  6 295 09 329 aO 36398 

1 8 3 0 4  "_ --2rx,5 259 B 2 288 e 5 31904 
- - - - _. . 

1 7 9 e  3 2C3s 8 22'30 8 259e5 28607 31984 

17'50 9 2 C l a 3  22 7a 3 254 Q 9 28308 31494 

1 7 5 e  1 1998 4 225.2 252 e 5 2 8 1 ~ 5  31 2 a 0  

- 

- . -_ - 
- 



TABLE 3(b) (CONTINUED) 

C O N F  IC, 

26 

27 

28 

29 

3 17 

31 

32 

33 

34 

35 

36 

3 7* 

38 

39 

4c 

41 

4 2  

4 o* 

44 

45 

46 

47 

48 

49 

L = 1 5  

155%) 

153e4  

I s ; l e C  

i 5 e 4 4  

15204 

1 5 1 0 5  

1513.5 

1 5 1 0 5  

254.1 

189.5 

24403 

159.2 

243.4 

1 5 9 e 9  

243.0 

1 6 8 ~ 5  

240 1) 2 

16542 

239.6 

165.Q 

23904  

16409 

239e3 

16409 

7 = 1 6  z = 1 7  - Z = t H  Z=1? Z=2G z=2 1 

174.0 L 9s- e-  223- 6 2 5 9 e 7  279.3 30 9 r  4 

1 7 2 0 0  1 9 6 ~ - 7  22262 - 249.2 2-74 0 7 - -307.8- 

173.9 197i  7 223.2 2 5 3 .  1 27606  308.6 

27307 --- 316+4- 34964 - 39Qe.7 43413 48393 

5C 

2% 



TABLE 3(b) (CONTINUED) -- 

iONF X G 

5 1  

52 

53 

54 

55 

61  

6 2  

63 

64 

6 5r 

z= 15 

16702 

2 3 9 ~ 8  

2 6 3 ~ 3  

2374 7 

6 
1 3.2 

3378 6 

i 6 3 r 2  

2 3 7 ~ 2  

16204 

z 3 e e  5 

Z = 1 4  Z I P  7 z=19 Z = 1 9  2=20 2=2 1 

1 R 6 e 4  2% frr f 2374-5 2659 1 32504 

1 8 S e 5  21 1 o 2.- 2370 5 265e3 29484 32545 

271 B 9 3r5. f 3460 8 387 m 7 438.0 4SEcS - 

271 e 7 3r a* i 3488 7 387c7 430 e 9  47Em5 

186q 3 21101 237.3 2655 1 29404 3250.3 

2 7 1  * 2 3c77r 4 3451 9 3aciC7 429 o 8 47502 

- - - ______.I ____._____ ____.I__ 

i 8 5 a  5 2 C 9 0 9  2360 0 26397 29288 327-4 

27"4 7 3L-6~9 - 34504 3960 1 429m 2 47455 

27.1s 4 ?C- 6.. 4 345.1 33504 42805 47 309 

1850 1 2C9O 7 2350 5 2 6 2 O 6  29 l o 6  32? s 6 

22 



CONFIG 

1 

2 

3 

4 

5 

6 

7 

Y 

9 

I? 

11 

1 2  

13 

14 

1'5 

16 

17 

18 

19 

2f 

21  

2 2  

2 3  

24 

25 

z = 2 2  

5 7 4 8  3 

5 6 7 ~ 9  

5 4 2 0 2  

543.97 

547.*? 

e# 

5328 1 

531 02 

53'1 10 8 

53'0 7 

5370 3 

5 2 2 h a 8  

5 2 6 s  9 

C 2 6 c  5 

E?5*'; 

52404 

52402 

5?3*6 

4:0._7 

3 6 4 c  i? 

351 et! 

3 5 4 e 7  

351 9 

3 4 9 e 7  

3 4 6 e  6 

344 c -, 

7=i3 

62qe  a 

02294 

5948 

5 9 2 c  4 

5 9 1 c 6  

5 8 3 0  E! 

581 B '3 

E H l e 5  

581 m 4 

5770 4 

E77,,'. 

576.7 

5758 7 

575.1 

5740 5 

574a 2 

5 7 2 s  5 

438.6 

4 c" .: * r? 

396'7 

3 P 3 r  6 

-335. H 

30?*  t 

3 a i e 4  

377.7 6 

2=24 - z=25 

686s 1 4456.9 

64 5 0 P- 9'6-20 1- 

TABLE 3(b) (CONTINUED) 

__. 

6259 9 691 P 3 

674. 9 69;u 3 
. . - - _ _  .__ . - 

6340 5 6 8 9 s  S 

634c 4 6890 7 

63 3 c  6 

62 9 c  3 

O 2 9 a 2  . 

62 7r 4 

6 2 6 s  7 

6 2  de § 

6 2 4 c  e 

47a0 7 

* 3 6 e  7 - - -  

133 3 
e 

43b* 2 

4218 3 
- 

41 33e 1 

I- 

. ._ 

Z=26 

8 3 9 c 2  

----f)c c-e 9 

763 e 4  

761 06 

749 a 7  

74799 

747c4 

7470.3 

7 4 2 e 2  _ _  
741 OS 

74,19? 

741 e 1 

738 d 4 

733Cl 

7 3 7 a 3  

7 3 3 0 9  

564 s J  

51585 

5 1 1  e 4  

53 7 k 8 

4970 1 

494 * 6 

43797 

- .  . 

bC 90c 

93 799 

8 S 7 U 3  

B C 7 u 2  

. _  

RG l a 7  

80 lo:! 

82006 

.. - 

ac 3 c 5  

7 9 3 e 0  

79702 

70 l e G  

79588 

6 1 9 e 3  

- 556e6 

552e8 

5 4 3 e  I 

5 3 7 c 3  

5 3 4 a 0  

5 3 1 a S  

5 2 7 a 7  

0 6 9 e 6  

56905 

8 6 3 e 4  

8 6 2 o 6  

06203 

86203 

85903 

3580.9 

85903 

t3569Q 

656e4 

5 3 9 s 8  

595aY 

59 la9 

5 7 9 e  I 

576r4 

572r5  

5 6 9 e 2  

23 



TABLE 3(b) (CONTINUED) 

"ONF I C 2 = 2 2  

26 745.9 

27 3d3.7 

28 34101 

29 339.4  

31. 341ee 

31  140ml 

32 33845 

33 779 e 4 

34 564.2 

35 339.2 

36 5 3 9 0 6  

3 76c 371 .O 

73 539.1 

3 9  371 B 4  

4 c  537.5 

41 37019 

42 529.7 

4 7f 7 6 2 e 3  

44 5288 9 

45 3 6 2 r  1 

46 5?f3.5 

47 361 93 

Z=23 7=24 Z=25 z=25 Z=2 7 z= 28 

3799 3 41 4.2 -459F27 438 e 8  5280 4 569~5 ' 

3 7 7 a f?. -- ~ - - ~ . ~ - * ~ - - - ~ ~ ~ - - ~ ~ ~ ~ - ~ ~ ~ - - ~  

374c 4 429* 2- 845.5 4 3 3  03 5 2 2 ~ 7  5 6 3 ~ 1  

372 b 5 467. 2 443.4 491 02 523 o 5 56103 

374. e . - 4 C ' 3 a ~ - # ~ ~ t j - - - - - . - 1 4 ~ 3 T i I - - - -  --2z-€4 --- *vs- 
373.2 4 c 7 e  7 4430 8 431 94 52c e 7  56113 

371 o 4 9c-se 9 4 4 1 r 9  473 . 5 5 1  8e5  559 .1  

372s 5 ?+ c -- --4-42%3 - - -4% 1 <a- E M e 0 3 3 O u 4 t -  

61 8.5 675.3 734r 6 7'36.4 R 6 t  a h  .32794 

437r 4 477.4  51 9. I. 562 m 6  637.9 654a0 
.- - 

5291.2 645. z 7 0 1 ~ 5  7 G L 2  82103 88 4 e 7  

4r7.3 444 .3  483.5 523 .2  56Sc 1 60 8.5 

39he e 4320 7 4700 3 539.4 550 s o  9984 3 

1 9 6 . 5  432.5 47ilo l? 5390 1 549 .5  59 2 cZ. 

573* 1 63109  6d7c 1 744 m 6  80404 86f5a5 

5 7 ? *  9 6 3 1 r  8 6870 C 74405 8 i  403 8 6 6 ~ 4  

24 



TABLE 3(b) (CONCLUDED) 

CJNF I G 

Fjl! 

52 

53 

54 

55 

56 

57 

58 

59f 

6 C  

61 

6 2  

63 

64  

6% 

2 = 2 2  

357r e 

E24e6 

357c9 

5E4e 3 

357e (3 

524s 3 

357 0 7 

522s 8 

3559 9 

52203 

355 0 6 

522 e 1 

355e 5 

521 03 

3 5 3 P 9  

%=23 z =24 2125 Z=26 

39fs7 42 9 s  2 4 6 4 a  2 532e8 

574a 4 6265 8 681 B 5 7 3 8 8 5  

391 0 7  - -  --sst7*+----*%+---- ----E*% - . 

5740 4 6 2 6 s  8 681.5 738 0 4 

39107 4278 1. 464e 2 532 e ?  

571 e 9 6244 1 673s 5 735 e 2 

38902 424,s 45103 499e6 
.- _ _  - - . 

571 1 0230 c 677s 5 73397 

337e5 4 2 1 0 4  46i),2 43304 

t=2 7 2=28 

5 4 2 0 9  5 8 4 ~ 6  

. 54Pr3 -. 58-476 

7 9 7 a 7  85953 

5 4 2 ~ 9  5 8 4 ~ 5  

539e 7 58 lie I 

794 a 2 85504 

53904 580 e 7  

79297 35309 

5 3 7 c 4  5789 1 

25 



26 



TABLE 4(a) (CONCLUDED) 

2 



28 



TABLE 4(b) (CONTINUED) 

9 







3 



33 



3 



TABLE 4(b) (CONTINUED) 

35 



36 



37 



38 



39 



TABLE 5(a)-CONFIGURATlON LIST FOR 6 ELECTRONS 

40 





42 



43 





45 







769 * 3 706e% - -  75 4 3 4 s 3  - 48305 53504 5890 9 6479 1 

48 



49 



.. . 

1262.0 

1251.0 

- t Pbilt-r*- 

1 2 6 C ~  2 

12570 5 

-9 

125691 

1 2 5 1 e 3  

1347.3 

13469 2 

?-34si-o-- 

1345~4 

7.34293 

--i%** 

134009 

134694 

___ 

___ 

--f3s4 r4-----f-ctP5*-- 

1 2 1 3 5 ~ 3  137204 

12829 3 136903 

50 



51 



52 



53 



54 



TABLE 6(a) (CONCLUDED) 

55 



56 





TABLE 6(b) (CONTINUED) --...- 1_11_.- 

58 



59 



_- TABLE 6(b) (CONTINUED) I.._ __---_.___I 



6 





6 



6 



65 



66 



6% 



TABLE 7(a)-CONFlGURATlON LIST FOR 8 ELECTRONS 

68 



TABLE 7(a) (CONCLUDED) 

69 



TABLE 7(b)-8 ELECTRONS 
_____ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

-nq= T r. 7 = !  &> 7 = :  7 7 = ;  ", 7 = :  q 7 = L 0  Z = 2 r  7-22 
............ __ - ............... .. ................ 

3 g . - e 5  ' . 7 C ,  9 529.7 c- - > + - * l  .- 7 6 5 Y e O  727e4 

... ....... ... .-. .. .... - . . . . . . . .  . 

1 3  7 5 1  -0 10 7 4 5 'ti . 3 51187 571 o f ?  62'5-2 70149 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  - ......... . . . . . . . . . . . . . . . . . . . . . . . .  

.? : 2s:- D ? 3 .3 ': ~ 2 n5;2.3 ?%E-& 5 6 7 0 9  55006 6F6e7  

. .  

27 
........ 

517. 3 

. .- . . . . .  . .. .......... . .. ................ ......... 
70 3 B C o F  i S 9 . f  596.5 5 c 5 , 3  6 2 3 * 5  E 9 4 r 5  

. . . . . . . . . . .  
I -  

- ,  !- t- 
.. . 

093.1 



T A B L E  7(b) (CONTINUED) 

........... 

26 
._ . 

3% 7 . 7  

2=2  1 
............. ...... 

ii.. 3 .  'i c ; 3 ' 5 0  3 

- ..................... - ................. . ~- ....... ... 

A 2  7 :+ -: * '- ~ 4 . ' ) :  ~ 1 -- , .< I D  P. ., " D i C C  4',4 3 6 2 0 . 8  58595 



-- TABLE 7(b) (CONTINUED) 7-"- I - 

72 



T ABL E 7( b) (CON T I NU ED) 
- - - - ~  

6 C 5 . S  

73 



TABLE 7(b) (CONTINUED) 

.... .- ...... - . . .  ........ _ ....... ...... _. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ... .... -. . 

I T f  .? * 7 72 ' ' . .  c i 1 ~ 3 ? ; ? e o  ! 0?".3 1160.9 1249.8 

1' 7 c ,  5. 7 4 J 7 .  'i "!. 3 . 5  r, -j * 5 i o 7 , + &  A l h O o 4  1249.2 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  -. .- ................. ...................... ._ ..... 

1 3  7 6 4  * j 37TS ? ' 1 . 2 . 7  c;1*5 i c7.3 0 7 1. i 59.3 1?4708 

1 -  7 6  :<* .A 7 !; ~ I ' > i  ~ q 9 20.5 $ c7  :: * 6 1 1 5 7 . 3  1 2 4 6 ~ 5  
. . . . . . . . . . . . . . . . .  . . . . . . . . . . . .  .. 

74 



TABLE 7(b) (CONTINUED) 
........ .- . . . . . . . . . . . . . . . .  .. .- .. . . . . . . . . . . . .  . . .  . . . . . . . . . . . . . . . .  

-nN': c, 7=?3 7 = .? L. 7z.35 - = ; 5  - 7 = ? 7  7 = ? A  ~ ~ - 3 . 3  

. . . . . .  . . . . . . . .  ..... - ........ - . . .  . . . . . . . .  . . . . . . . . . .  

? A  7 6 1 . 3  7 7 ~ -; 9 0 F D 0 c : 9 7 .  P 1 i5503 1?&309 

. . .  - ...................... ..... -. . ............ -. ......... - .. -. .... .................. .......... 
29 7 c . 0 . 7  3 3 3 . @  .'C ? *  < c : 3 ? .  1 L oti3.2 115a.5 124301 

33 75 i7 . 3 9 T 2 . L  3 c 7 . 7  5 3 6 e 7  s 06.3.2 l i E 3 e z  1 2 4 i r 7  
.. __ . .. . __ . ._ --. 

._ 

36 
... .......... .... . .. .. ._ 

7 5 752.c; .7 2 c1 . 0 3 C  5, 3 475.5; 1 C 5 6  e 6  l l L 0 . b  122706 

3" 7 L . ' . 3  ' I  5 . 5  c ; ? 3 s  3 755.4  1 c 4 5 . 2  1 1 2 8 . 1  1214.1 
... __ ... .............. - . . . . . . . . . . .  ....... ........... -. ...... .... 

e. c 7.i  7 ,  rj 3 1  6. A 9 5 2 . 6  .34i .Fi 1~24.4 1210.0 

4j 7 L .  3 .  3 '7.1 2.7 395.7  3 i l . 3  io31  *.? 112.3.7 1203.3 
......... ~ _ .  . . .  . - .. ._._ 

4 9  7 L Z e ' Z  7 1  ? . ?  4 :> 5 . 2 Cil.4 i3aC.6 i f 2 3 r t )  2 2 C F 3 . 5  

3 7  7&?..? 41  ? .2  935.0 C 5 I. o 1 1049.4 1122.9 1208.4 

4 >.& 7): 1 e 7 " * e 3  224.6 9 5 Q . O  133?.C L A 2 1  .I 5 2 C e * R  

65 7L i e 1 41 t 2 . L  4 37,5 . > > ? e 6  1c3s.n 1 1 2 3 e 7  12c5cc 

& A  7 5 c : . 7  '3 i n . .'+ Q > k ? * c r  Y 3 0 *  0 t c. 3 7 a c; A 120 .i: 1.20505 

......... . .- .- ...... - ---______.I__--.._ ..................... . - 

........................ ...... ...................... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

c-. 

......................... . . . . . . . . . . . . . . . . . . . . .  _ _ _  ................ - ................. 
r -- 

-. ........ ....................................... .- .................................. -. . . . . . . . . . .  ......... 

4 7 x  7 7 ' 3  ~ ;I % ? 2. ',, 3 4 1 0 4  G500 9 :034*7 1121.5 1 2 0 2 . 8  

. .  . ... .- ... - ........ .......... - -  . .  . . . . . . . . . . . . . .  

5?  7 c  C . ?  DL. 5 :7 1 .$. 3 .G33*4 1 C A ? * E  I x 6 9 .  ti 1.i5ca7 

5 



TABLE 7(b) (CONTINUED) 
............. - ... 
7 = 2 . 3  

......... 
7 =L r', 

... - ............ - ........ . . . . . . . . . . . . . . . . . . . .  
5 %  7 2 7 * ?  ? I $ , * 7  4 G ? *  7 C73.0 105.3 0 5 113403 122 t 02 

._ .. 
7 F  

76 



TABLE 7(b) (CONTINUED) . 
__ -. ........... -- ................ - . . . . . . . . . .  .............................. - . . . . . . .  .- ... ....... -. __ ..... 
-nwc T r .  7 = 3 7  . .  7 = 7  & 7= 7 .-, 7 - . ;  -L. > - Y = 2 7  7t23 7=2 9 

. ............... ... . - ... ....... . ......... -. .............. 

$20306 75 7 - 3 * .-, p e l  a 3 5 - j b e  3 L C ) 3 F . . C  1 2  1 3 . 2  

? C  



TABLE 7(b) (CONTINUED) - 
. -~ .. ......... 

. ... .._.... ....... -___._ .... _. ... . . . . . .  - . . .  ...... 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  -. . . . . . .  _. 

16'51.4 1769.0 1 H 75; e i 1 9 0 3 c 6  . -.- 1 &t 7,:. I r-: ,Z 3.0 1% ~ .IC c * 7 

1Q 4 ?57.9 ? 5=,4, '+ 7 t 2 h . 2  P 7 t > T e ?  i d 7 5 e 7  i9e-9rfi 
..... .. .... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  



TABLE 7(b) (CONTINUED) 

. . . . . . . . . . . . . . . . . . . .  --. . . . . . . . . . . . . . . . . . . .  ... ... _ _ _  ...................... ..- ........... 

3 1 2 7'3 ~ -3 1 2 6, * :< ., .... c: 3 5 .0  ' 326.5 L 7 J 1 . 2  183923 i'350e5 
. - - ..... - ............. -.  .. . .. ._ .. .......... 

7 7  1 . 3 2 1  e o  i ' %?*. '3 k i ~ E . 7  1723.6 ld3Y.3  194304 , -  

.......... - . 
I ? e  = *  L 

... _ _  ... 
I E 9  0 Q 4-- 

79 



TABLE 7(b) (CONTINUED) 

...... __ .................... . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

63 1 2.2 3 * 4 1 < F 5 . L  , L - i :  0 e 9 15,73r0 l E . H O . 6  h785.3 1833.2 

64 3 2 c p , 5  i Z C  3. ?, i L 35r? I 5.34 * e 1686.5' 1791.5 leO9s6 

... .. .................... . . .  ~- . 

71 1 3 3 C  a 3  1 i?'?.,? I 5 2 3 e  '3 15?&,3 1 7 2 ? *  a 1.3335.0 i O b 9 e 5  

?? ?,z=37e.5 i '7C. ; 1 L7.7.* 7 i571.5 i t 7 ? , 5  17760 b I t ? i 3 3 c 6  
.. . ......... ..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

80 



TABLE 7(b) (CONCLUDED) 

__._ .... ___ ___ . 

87 I75?.? 1 5 7 s .  5 I46Y.7 1556.2 iC66.7 1770.6  5877.3 
.. ___._ .____ ........ - - ..... .......... - .... 

R' i  T 2 ~ 0 . 7  13t3o.c) 1 6 7 4 . 4  i FJ 7 ,? e 2 l f 7 6 c 9  1984 a 0  

8 



TABLE 8{a)-CONFIGURATION LIST FOR 9 ELECTRONS 

82 



83 



84 



---------- - - -5 tq - * ts -  - S 7 t r e 9  642r  5 709 .c. 7 9 7 * 7  848.7 

85 



86 



8 



88 



.-. 

89 



--- --I TABLE 8( b) (CONTINUED) .-I--- 

-%taff-ci ---*+=J- ---*r- - - 7 r;) 7 ?=2 "3 Z = 2 S  Z=30 2=3 1 

-i-41-5.* ---* tf". 4 f t9Fle-7 - 1282.5 i 375 .d 1474.2 -- 

............... - ......... -. .......... 

7 1  c > 5 * 4  I ? <  5.  ;z I #:.c -. 4 117900 126g,g 1 3 6 3 r 3  146101 

72 s 3.'- e 2 1 I! l e 2  1 'C5.6 1183.4 1274 e 7  1363.3 

97 Q'+? .7 1 ;33.7 l 1 l i . F  120t;. a 1234O5 1391r9 1492.8 

... . . . .  - . .  

1 4 6 7 0 2  - l_-l___ . 

.... ......... . . . . . . . . . . . .  

74 '-? 1 tb 0 7 1 L,,. "j. 4 1 - 9 9 .  B 1177.1 12A3.1 1362.4 1463.1 
___ . . 

1 4 h O c  6 1363s6 7 5  G?%e 5 1 c: * * e !  1 ."P5. - 1 1 P ? e  R 1274 e'. 
- .__ .- - - - -. - 

90 



9 



.--- - -_ _- TABLE 8(b) (CONTINUED) - - 
--:nWf-s - -+3? ---- -w=c 7-36 il-35 2 - 3 5  z=3 7 Zt38 

92 



9 



94 



95 



TABLE 9(a)-CONFIGURATlON LIST FOR 10 ELECTRONS 

96 



TABLE 9(a)  (CONCLUDED) 



98 





. .  

00 



01 



102 





.. . 

. 

... . 

. .. 

. . .- 

104 





6 









TABLE 1O(a)-CONFIGURATION LIST FOR 11 ELECTRONS 



a 



2 



3 



TABLE 10(b) (CONTINUED) 

CONF I. G 2=22 Z-323 7=2 4 2=25 Z = 2 6  7=27 F - - 2 8  

51 7698 4 P 4 ? , 6  9?'107 117-le.e llB9u7 120486 13C3m4 

56 7720 1 e51 e 4  e 3 4 6 7  1en1.e 111209 1208.0 13f6.9 

5 3  7ef: . 5 E 4 5 . 3  - 9 1 9 a 3  ~ 1014.6 1 IC54 1 1 199.6 1297e9 



~- TABLE 1O(b) (CONTINUED) --_I-- 

CCNF P G 2=39 ?= 2 r- ?=31 2-3 2 z=3 3 2=34 7=35 

1 1451 e ?  14e2 03 1 6 7 7 0 5  - 1?5€e8 193%7- m 2 2 " 4 7 a  7 2 1 7 9 e 3  

6 1 4 3 E . 5  1C4E.4 1t56?0 2 'I 7 7 E e  2 19cc e 2 33260 3 215694 

7 1 B 3 5 0  t3 1 E 4 C  05 P F 5 4 e 4  1777.3 1a~9.2 2025.2 2155.3  

5 



TABLE 10(b) (CONTINUED) 

C M - P G  z= m z= 48 r=:f- - Z=f+ z=,7 3 P=34 2=3 5 







- 49 2.2404 e ? - i f 5  e 2  2f24.a 5 ? f f s f D  9 2325-2 --z96&d4 - - 3 P 2 f o ?  



120 



TABLE ll(a)-CONFIGURATION LIST FOR 12 ELECTRONS 

121 







TABLE 1 l(b) (CONTINUED) 

2b s 4 4 s c  l33E s J 1 L25t3 12d1.3 1322 e 4  1 4 2 7 r 0  153505 

E 485 2c-' s 4 c c 3  1371.3 i123.7 42dEs4 132c-e  

30 9 5 2 0 5  1,7L 3.3 i 1 3 7 e I  rbLJ5* 1 1337.1 Ia43e2 155367 

1 4 2 7 s  .I 

24 



I25 



TABLE l l (b)  (CO 

CDNFlG z = z s  z=z5 Z=26 Z=L7 Z = L 3  L=29 P=30 

75* s 4 z e 3  13'100 112-2C6 l Z a 8 0 4  2 31q 03  142300 153263 

77 C 5 6 0 S  lL347rb 1 1 4 2 e  5 12rl.t 1344.4 1451 e 7  156200 

78+ 4 4 e  e s 1 9 3 5 e 5  1127.7 12i4.e 1325 .C 143000 1536.5 

1530.8 79% 541e4 132'i.a 1 1 Z l L o 6  l'C?2803 1316.E 1422r8 

8 0  c 5 c  0 1  1 ) L E .  7 114185 1 2 4 3 . 1  134304 145005 1561 e 9  

81 C Y 6 8 1  1034rd 11.27r4 12L3.Y 1324 e 4  1429.C 1537.5 

82 54c e 5  r) 6. 1121 e 2  1 2 & 7 e 2  1 3 1 / a €  1SdO.O 1421 0 9  

82 S5f.S le&€. 7 ll+P1(3 i 2 4 C . 3  134c.4 2450 e 8  1361 03 

04* G 4 E o O  1335.3 1 1 2 8 ~ 4  1 2 ~ 5 . 5  1322.5 1430rt2 2 3 4  02 

85% 542  03 1027.6 lliL*8 12.r805 lZI:o€ 1424 o b  15280 5 

r 

26 





TABLE 1 l(b) (CONTINUED) 

128 



9 



130 





3.2 



133 





TABLE 12(a)-CONFIGURATlON LIST FOR 13 ELECTRONS 

35 



I36 



37 



138 



39 





41 



142 



43 



44 



145 



TABLE 13(a)-CONFIGURATlON LIST FOR 14 ELECTRONS 



TABLE 13(a) (CONCLUDED) 

14 'B 



I48 



14 9 



53 

54 

55 

56 

57 

58 

59 

6-9 

6 1  

6 2  

5 3  

64 

6 5  

66 

67 

68 

69 

70 

41 

72 

73 

44 

75 

... 

50 



TABLE 13(b) (CONTINUED) - - --- 
- - - __ - - 

15% 



I52 





59 

e?. 

SP 

5 2  

6 3  

64 

45 

66 

67 

68 

69 

7;; 

71 

12 

73 

74 

7 5  

54 



55 



. .- 

56 



TABLE 13(b) (CONTINUED) 
- _ -  - - __ I - .- 

C3MF I G 2=45 2=4 3 2=44 z-45 2=46 -2=4-7 -08 

. . 

26 

27 

28 

29 

JC: 

31 

32 

33 

34 

35 

36 

37 

33 

33 

r)e 

41 

4 2  

43 

44 

45 

45 

47 

$9 

49 

5r: 

15 



6 5  

66 

67 

as 

69 

93 

7 %  

7 2  

73 -3334'92 

74 33337s 7 

95 33308 5 

-3339s E 

333605 

--I --3 34c e 4 

3 3 4 r . a i -  

3 3 3 7 e  1 

. 

158 



59 



TABLE 14(a)-CONFIGURATION LIST FOR 15 ELECTRONS 





62 





64 



165 







168 



169 











TABLE 15(a)-CONFlGURATlOH LIST FOR 16 ELECTRONS 













180 





183 



83 





I85 



I86 



187 



TABLE 16(a)-CONFlGURATlON LIST FOR 17 ELECTRONS 

88 



TABLE 16(a) (CONCLUDED) 

89 



90 







193 



94 



195 



96 



9% 





99 



200 



20 



2 02 





2 253Jl2 2 6 9 Q a 4  

25 2851w8 2t5@e%8 

2 04 



205 



TABLE 17(b) (CONTINUED) -_ 

zs5-x -- - z=37 

206 



B 9  - -  37850-5- 3F3SiY9- 4 

- P f  -- 

22 

20 



208 



TABLE 17(b) (CONTINUED) - - - . -__ __-- 

E= Po45 Z = a %  Z*& E*+-- - 

65 3729% 8 

86 37230 e 

4--- 

68 3763a4 

209 







2 12 



TABLE 18(a)-CONFIGURATlON LIST FOR 19 ELECTRONS 

2 63 



2 I4 



TABLE 18(a) (CONCLUDED) 



2 16 



21% 



218 



219 







222 



223 



224 



25 



226 



22 



228 



229 



230 



231 



232 



233 



234 



_ _ _ ~ ~  
TABLE 19(a) (CONTINUED) 

-. 

235 



236 



23 



238 



239 



4433.2 

4bl  1 e 8  

4419753- 

443v 0 7 

441.3. f 

4-4-1438- 

4427.7 

240 



42t.-7. 4 

4217.0 

42-v 2- 

0 2.- 8.5 

f+Z?-'L* f 

- e 4 - h r - 6  

4 2 1 3 ~ 8  

4197.4 

4413.0 

4425 e 3 

-*&- 

44114.5 

4427.R 

4*t-G II F - 

442 1 e 4  

4 4!: 3 * E: 

24 1 



242 



243 



244 



245 



. _. 

.. . 

.. 

. .. 

. .  

. 

246 





48 



. .._ 



14 

2 5  

-2-6- 

37 

30 

----s-- 

4 -  

41 

.. . . -. . 

. 

250 



251 



252 



253 



2 54 



OFFICIAL BU$INESS 

If Undeltverabie (Section I38 
Postal Manual ) Do Nor Rpturn , 

“The aerotzantical and- space actiuitks of the United States shall be 
tribate . . . to the ex$ansio9a of hmwn-knowl- 
the atmosphere and space. T h e  Admir&mtion 
idest prclcticable and appropriate dissemi.izariou 

-NATIONAL AERONAUTICS AND SPACE ACT OF 1958 

condztcted JO as to  
edge of phenoniena 
shall provide for  ih 
of ,inforniation concerning its  actiijities und the rehilts thereof.” 

TECHNICAL REPORTS: Scientific and 
technical information considered important, 
complete, and a lasting cdntribtition to existing 
knowledge. __ 

TECHNICAL NOTES: Information less broad 
in scoge but nevertheless of importance as a 
contribution to existing knowledge. 

TECHNICAL ~ E ~ O R A N ~ U ~ S :  
Information receiving limited distributioh 
because of preliminary data, security ciassifica- 
tion, or other reasons. 

~ O ~ T R A ~ T O ~  REPORTS; Scientific and 
technical information generaxed under a NASA 
contract or grant and considered an important 
contribution to existing knowledge. 

TECHNICAL TRANSLATIONS: information 
published in a foreign language considered 
to merit NASA distribution in English. 

SPECIAL PUBLICATIONS: ‘Information 
derived from or of value to NASA activicies. 
Pi1 blications include conference proceedings, 
monographs, data compilations, handbooks, 
sourcebooks, and special bibliographies. - 

TECHNOLOGY U T I L ~ ~ A T I O N  
PUBLICATIONS: Information on technology 
used by NASA that may be of particular 
interest in commercial and other non-aerospace 
npplicarions. Publications include Tech Briefs, 
Technology Utilization Reports and 
Technology Surveys. 

Details on the availability of these publications may be obtained from: 


